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LLRF Controller

» Designed and developed for
» Future FRIB 644 MHz upgrade cavity
» MSU ultra-fast electron microscopy UEM 1 GHz cavity

= Currently installed and operational at MSU UEM lab.

" Specs -
 1x Xilinx FPGA board (1)
* 1x RF front-end board (2)
» 1x 500 GB solid-state drive (3)
» 1x 1U Power supply (4)
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LLRF Controller SoC

= Specs -
« Arm Cortex A53 Quad-core processor
» ARM v8 architecture
» Total CPU frequency 1.2 GHz
»4 GB RAM
» Debian 11 Bullseye
« Arm Cortex R5 dual-core real-time processing unit

1O peripherals Zynq Ultrascale plus SoC
»PCle
» Gigabit Ethernet Processors
»USB 3.0 A53 for Linux
» SATA
»SD R5 for LLRF appl. FPGA
e FPGA | | Programmable
» 600k LUTS logic
» 2520 DSP slices 10

»24x 16.3 Gb/s Transceivers
» 328 1/0 pins
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EPICS IOC Implementation

* [n the current implementation,
LLRF controllers communicate
with |IOC servers over UDP.

= Added latency due to network

traffic.

= UDP connection is unreliable
and lossy.

= Asyn port driver that uses
EPICS timers as its main
communication mechanism.

LLRF

UDP TCP CS-

* In the new implementation, there’s no
need for UDP since the IOC server runs
on the LLRF controller.

= Minimum latency since IOC server has
access to FPGA registers via Linux
userspace.

= Asyn driver adapted from softGlue driver
available inside synApps.

| op _
LLRF StC%
IOCJ udio
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FPGA — |OC interface (old)

always @«
begin
case (Bus2IP_RdCE)

14'h2088: dataToBus <= attend;
14"hle@@: dataToBus

14" heddd: datalobus
14'h@2a8: dataToBus
14'h@ld8: dataToBus
14'h@B88: dataToBus
endcase

(=5

[

end

Array

2091
Zeeaz

20835
20895
Zeeai

uwl6. 16
uvle. 16
uwl6. 16
uvle6. 16
uvle. 16
uwl6. 16
uvle. 16

UDP

rw
rw
rw
rw
rw
rw
rw

fudAtten FWD channel attenuator value (in dB) (truncates to
RFL channel attenuator value (in dB) (truncates to
CAV channel attenuator value (in dB) (truncates to
SPARE]1 channel attenuator value (in dB)} (truncates
SPAREZ channel attenuator value (in dB)} (truncates
SPARE3 channel attenuator value (in dB) (truncates
output

O oW

# R/W record

"

record(ao, "E(SYS)_$(SUB):%(DEV)_L(INST):ATT_CSET_CAV™)

i
field (DTYP, "asynFloatsd")

v

Field(OUT, “@asyn($(5¥S)_8(5U8):$(DEV)_S(INST),,$(TIMECUT)) cavatten [BHEEGES Floatsd U1s_16")

field(PREC, "1")

field(EGU, "dB")
field(LOPR, "@")
fizld(HOPR, "31.5")
field(DRVL, "@")
field(DRVH, "31.5")
field(ASG, "${ASGEXPERT)}")
info{autosaveFields, "VAL")
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FPGA — 10C interface (new)

Attenuators_axi

# _______________________________________________________________
1 # R/W record
ck = always @
begin record(an, "$(SYS)_%(SUB):$(DEV)_S(INST):ATT_CSET_CAV™)
data fm——— . R {
case (axi_araddr[4:2]) }
le_o[6:0] e 3'h@: dataToBus <= atten@; field(DTY?, “asynFloatsd")
. atten0[5:0]  pm— 3'h1: dataToBus <= attenl: field{OUT, "@asyn(PORT_Attenuators_axi @ (TIMEOUT))Ul6_16")
s S00 AXI -~ _ field(PREC, "1")
- - atten1[5:0] p—— S/ /CAVATTEN . t
——== s00_axi_aclk - 3'h3: dataToBus <= aften3; -F:!.Eld(EGU, dB")
—@ s00_axi_aresein 3'h4: dataToBus <= atfend; field(LOPR, "0")
= I —— i " "
atten3(5:0] 3'h5: dataToBus <= atfens; F?Eld(HOPR’ 31.5")
attend[5:0]  mm— 3'h6: dataToBus <= atfens; field(DRVL, "@")
attens5[5:0]  mm— default: dataToBus <= |32'hFFFFFFFF; field(DRVH, "31.5"
HenGi50 endcase field(45G, "S(RSGEXPERT)")
2 e —— e
attencl:0) end info(autosa ields, "vaL")
H
Attenuators_axi_v1.0
SOC Zhttenuators_axi {
compatible = "generic-uio";
v o iE
Device address /\ AN /

space

= Attenuators_axi S00_AXI S00_AXI_reg — 4K~ O0x8000_SFFF
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Test

= | LRF controller on test

network LLRF Overview for TEST_LLRF:ZYNQ_NO0002 Cavity 1

. RF Operation Generator Driven Mode Status.
= Work in progress to add
Allow RF Operation [T Cavity Detuning 14543 Hz Feedback Status Locked
more PVs, OPI pages, woms N @ s e
Ao Restar el | Rans | @ Set-Point Ramping At Set-Point

archiver support and oot o o |
fe atu reS . Setpoints et - rearTime . Stepper Position 0 Reset

Amplitude 9990 MV/m  1.9990 MV/m  1.9990 MV/m RF Inputs
. Phase [ro* 70° 70° Amplitude Phase Power Electric Field
= 25 CS-Studio screens
Feedback Mode Reflected 03327 Vp 925° 00w
Settin Readback
connected to IOC. g pu
Amplitude Feedback m ADRC
Detail
Phase Feedback | ApRc  [EELLTS
O Tuner Feedback On oft @ Disabled
| | Oa -~ 0 e ~Feedback Performance-
L] Control Parameters Control Parameters... T St
Stk RMS Amplitude Error 4E-4
Latched
- . ) RMS Phase Error 1E3°
m M t | t Feedforward Phase 2 2 20° Programmable Logic Controller @& OK
- g .
e I I I O ry u I I Z a I O n Personnel Protection System Statistics
O O 3 0/ Cavity Conditioning Cavity Conditioning... | Machine Protection System
. 0 Hardware Calibration Calibration... | PLL Unlocked y OK
Input/Output Attenuation Aftenuation... | Solid State Amplifier Fault ¢ OK
System Configuration System Configuration... | Sum Status y OK
| 3 50 PVS CO nn e Cte d . R SR | Reset Latched Interiocks Reset

Solid-State Amplifier Detail and Configuration |

Setting Readback

Power 0] Discomneced |
Overall Amplifier Error @
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Advantages

= Useful in lab environments where it is difficult to have a standalone 10C server.

» Targeted maintenance.
* Reduce risk of affecting other devices and I0Cs.

= Distributed computing.
 Split hardware computing resources.

= Direct Memory Access (DMA) support for fast data capture and plotting.
 Gives hardware-level access to data and allows for interrupts to the 10C from the FPGA.

= Reduction in network traffic.
 Eliminating unreliable UDP connection frees up network resources.

= Reliable TCP connection.

= Reliable fault tolerant fallback scenarios for boot mechanism.
« Supports multiple fallback boot image files in case of primary boot image corruption.

= Sufficient local storage for log files and data in case of remote archiver failure.
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Challenges

» Increase in total number of IOC servers under management.

= Maintenance of spares.
« Keep up-to-date with latest packages/versions.

= Central configuration management system (Puppet) not supported for
Debian on Arm 64-bit architecture yet.
» Hopefully that changes in the future.
» Develop alternate mechanism in the meanwhile.

= Define network/system architecture with all stakeholders (controls group,
business IT, system administrator).

= Determine Arm 64-bit architecture support for all Debian packages currently
Installed on IOC virtual machines.
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Summary

= Proof of concept has been demonstrated.

= Future work involves addressing challenges and taking advantage of
interrupt and DMA support.

= More discussions need to be done to determine maintenance of the LLRF
controllers running I0OCs.
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